The study included 75 patients diagnosed with end-stage renal failure. They were divided into three equal groups (n = 25) according to the site of fi stula: group 1 underwent BBAVF (one-stage), group 2 underwent BBAVF (two-stage with 1-month interval), and group 3 underwent brachiocephalic arteriovenous fi stula, all with end-to-side anastomosis under US-guided supraclavicular block.
Introduction
In recent years, the number of patients requiring hemodialysis (HD) has been rapidly increasing globally; arteriovenous fi stula (AVF) is the most frequently used method in patients with end-stage renal failure (ESRF) for HD [1] .
Th e Kidney Disease Outcome Quality Initiative recommends autologous radiocephalic or brachiocephalic arteriovenous fi stula (BCAVF) as a primary method of choice in HD patients and basilic vein transposition as a secondary option [2] .
Placement of an autogenous AVF for dialysis is an important step in end-stage renal disease patients. Dialysis access is a lifeline for such patients; hence, its maturation and continued function are crucial for overall well-being [3] .
Fistula maturation is a general term used to refer to multiple processes that occur from the time of surgical fi stula construction HD access until the time the AVF becomes functional [4] .
Th e desired end result of fi stula maturation is a highfl ow, large-caliber, superfi cial vessel with robust wall structure suitable for repeated reliable dialysis needle access [5] . Criteria for assessment of maturation have been proposed as the role of sixes, which states that, by 6 weeks after surgical creation, the fi stula should measure 6 mm or greater in diameter, 6 mm or less deep from the skin surface, with fl ow of 600 ml/min or more and a usable length of 6 cm or more; these parameters are relatively easy to quantitate and provide a useful starting point for assessment of fi stula maturity [6] . 
Outcomes of brachiobasilic arteriovenous shunting with superfi cialization as a vascular access for renal dialysis: an early experience in Benha University
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Purpose
The aim of the study was to assess outcomes of brachiobasilic arteriovenous fi stula (BBAVF) under ultrasound (US)-guided supraclavicular block with or without superfi cialization and of brachiocephalic arteriovenous fi stula in patients with vessels unsuitable or failed for a forearm fi stula.
Th e fi rst step in the process of creating a highquality functional AVF is a well-performed surgical construction utilizing the artery-vein pair based upon appropriate clinical and/or ultrasound (US) preoperative vascular assessment [7] . Patients with chronic renal failure may suff er from serious complications that represent a great challenge to the anesthesiologists. Complications such as congestive heart failure, systemic hypertension, electrolyte imbalances, metabolic acidosis, coagulopathy, unpredictable intravascular fl uid volume status, and anemia obligate the anesthesiologist to avoid general anesthesia with its heroic risks in these patients and to think for alternative methods [8] .
Brachial plexus block is often used in chronic renal failure patients to provide anesthesia for the creation or revision of AVF for HD access. It provides analgesia, sympathetic blockade, optimal surgical conditions, and adequate duration of postoperative block that prevents arterial spasm and graft thrombosis. It provides higher blood fl ow in the radial artery and AVF than is achieved with infi ltration anesthesia [9] .
Many approaches can be used for brachial plexus block: axillary, supraclavicular, and infraclavicular approaches. Th ey were commonly performed by blind techniques or neurostimulation, which may be associated with high failure rate and serious complications. Nowadays, the intraoperative use of ultrasonography has become more popular and much easier. Its use in these blocks increases the success rate and decreases complications [10] .
Patients and methods
After local ethical committee of Benha University approval and obtaining written fully informed patients consent, the current study was conducted at the General Surgery Department, Benha University Hospital from March 2011 to August 2013 so as to allow 6-month follow-up period for the last case operated on. Th is prospective randomized controlled study was conducted on 75 patients diagnosed with ESRF ASA III, including 43 (57.3%) male patients and 32 (42.7%) female patients with age strata; most patients were aged between 40 and 60 years (n = 45, 60%). Patients were randomly allocated using a computer-generated random number table into three equal groups according to the site of fi stula: group 1 that underwent brachiobasilic arteriovenous fi stula (BBAVF) (one-stage) (n = 25), group 2 that underwent BBAVF (two-stage with 1-month interval) (n = 25), and group 3 that underwent BCAVF (n = 25), all with end-to-side anastomosis under US-guided supraclavicular block, if failed local infi ltration anesthesia. Postoperative follow-up was 3-6 months.
All patients presenting were subjected to detailed clinical evaluation, laboratory assessment, and arterial and venous duplex US imaging study with vessel mapping for assuring the preparation.
Patients with both patent basilic and cephalic veins greater than 3 mm of diameter as well as with triphasic arterial infl ow were randomly arranged to the BBAVF and BCAVF groups by computerized allocation. All fi stulae were placed in patients with vessels unsuitable for a forearm fi stula or with a failed forearm fi stula.
Exclusion criteria in this study included previous BBAVF or BCAVF, age younger than 18 years, less than 3 mm of diameter of the brachial artery at the elbow, absence of radial or ulnar artery pulses, less than 3 mm of diameter of the basilic and cephalic veins in any location in the upper arm, inability to obtain patient consent or refusal of the patient to undergo US-guided supraclavicular block, and history of hypersensitivity reaction to local anesthesia or coagulation disorder.
Operative procedure
All procedures were performed under US-guided supraclavicular block performed by an anesthesiologist and radiologist using US machine (Chison L45607S, China) with curved-array probe (7.5 MHz).
Th e patient was placed in the supine position with head tilted to the opposite side; the skin was disinfected; transducer was positioned in the transverse plane superior to the midpoint of the clavicle, tilted inferior to obtain the cross-section view; a 25-27-G needle was used, with insertion not more than 1 cm to avoid injury to the brachial plexus; and the needle place was confi rmed by motor response or nerve stimulation using (0.5 mA, 0.1 ms) injection of 25-30 ml of l-bubivacaine. Intraoperative duplex ultrasonography was used to assess the diameter of vein before and after block.
In group 1, the incision was performed through the basilic vein located in the medial condyle of the humerus and axillary area. Th e vein was carried over the fascia by tying the lateral branches during release of the basilic vein, whereas the medial cutaneous nerve of the forearm was preserved. Th e basilic vein in the antecubital fossa was anastomosed to the brachial artery end-to-side, using 6-0 or 5-0 polypropylene continuous sutures. Following evaluation of the presence of thrill, the fascia and other layers were closed, lifting the vein and protecting the nerve. One and a half month was allowed for the anastomosed graft to heal before the possible trauma of HD injection [11] [12] [13] (Fig. 1) .
as numbers and percentages and were analyzed using the χ 2 -test. P-value less than 0.05 was considered signifi cant and P-value less than 0.01 was considered In group 2, the incision was made through the basilic vein located in the medial and lateral condyle of the humerus and was anastomosed to the brachial artery laterally using 6-0 or 5-0 polypropylene continuous suture. Th e incisions were closed in the anatomical layers after the presence of thrill was evaluated. In the next stage at 1 month, an incision was made through the basilic vein located in the medial condyle of the humerus and the axillary area. Th e vein was carried over the fascia by tying the lateral branches during the release of the basilic vein, whereas the medial cutaneous nerve of the forearm was preserved. Following the evaluation of the presence of thrill, the fascia and other layers were closed in anatomical layers, lifting the vein and protecting the nerve. Patients whose wounds had healed after 40 days underwent HD [14] [15] [16] (Fig. 2) .
In group 3, BCAVFs were created by making a transverse incision just proximal to the elbow as previously described elsewhere. Th e cephalic vein was dissected free and transected at the level of elbow. Subsequently, the anastomosis was performed as described in BBAVF. Additional care was taken to secure hemostasis at the end of the procedure. Th e systemic heparin was not used either intraoperatively or postoperatively [11, 17] (Fig. 3) .
Technical success was defi ned as the presence of a palpable thrill on the fi stula at completion of the procedure and 24 h postoperatively.
Outcome items
Postoperative follow-up was performed for duration of maturation (mean) (days), mean fl ow rate (ml/min), and complications, either early complications that included primary access failure (by early thrombosis), bleeding, or hematoma or late complications that included late thrombosis, pseudoaneurysm (circumscribed dilatation, either fusiform or saccular, of a vascular access more than twice of diameter of the preceding and following segments of access; when the aneurysm becomes rapidly enlarged, infl amed, or symptomatic, ligation was undertaken to prevent rupture and bleeding) [13] , steal syndrome, or wound infection.
All interventions were recorded, such as mechanical thrombectomy, aneurysm ligation, and successful endovascular treatment, but when failure is inevitable surgical revision was performed.
Statistical analysis
Analysis of data was performed using SPSS version 16 (Bristol university; UK). Quantitative data were presented as mean and SD and were analyzed by analysis of variance test. Qualitative data was presented highly signifi cant, whereas P-value greater than 0.05 was considered insignifi cant.
All data were recorded in the following images: Fig. 1  for group 1, Fig. 2 for group 2, and Fig. 3 for group 3.
Results
Th is study included 75 patients who were diagnosed with ESRF, 43 (57.3%) male patients and 32 (42.7%) female patients with age strata; most patients were aged between 40 and 60 years (n = 45, 60%). Patients of this study were divided into three equal groups according to the site of fi stula: group 1 that underwent BBAVF (one-stage) (n = 25), group 2 that underwent BBAVF (two-stage with 1-month interval) (n = 25), and group 3 that underwent BCAVF (n = 25). Associated morbidities -that is, diabetes, hypertension, or smoking -had no signifi cance (Table 1 and Graph 1).
Most of the fi stulae of this study were located at nondominant arm, group 1: 20 (80%), group 2: 21 (84%), and group 3: 19 (76%), and most of them were performed in the fi rst month after dialysis, group 1: 24 (96%), group 2: 22 (88%), and group 3: 24 (96%). Th ere were some patients who had previous access dialysis (Table 2 and Graph 2).
Diameter of the arm veins was greater than 3 mm with respect to the fi rst two groups (P = 0.01): basilic vein, 3.9 ± 0.88, and cephalic vein, 3.44 ± 0.14; this can be explained by the fact that cephalic vein is more superfi cial, and hence is more exposed to the repeated intravenous injection, more fi brosis, and narrowing, but basilic vein is deep. After US brachial plexus block, there was dilatation of the vein diameter signifi cantly, especially the basilic one (4.21 ± 0.93) (P = 0.0033, highly signifi cant); this depends on the fact that cephalic vein is exposed to fi brosis, and hence Preoperative data.
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Fistula characteristics of patients with brachiobasilic arteriovenous fi stula and brachiocephalic arteriovenous fi stula. AVF, arteriovenous fi stula.
has less elasticity and distensibility -that is, basilic vein is better for anastomosis especially with the use of brachial plexus block [18] . However, there was no diff erence in brachial artery diameter before and after brachial plexus block (Table 3 ).
All patients underwent end-to-side anastomosis, with longest operative time in group 1 (82.02 ± 11.39), followed by group 2 (62.34 ± 3.17), and then group 3 (59.68 ± 9.16) (P = 0.00000045, highly signifi cant compared with BCAVF). However, postoperative early revision was performed in three (12%) patients in group 1, one (4%) patient in group 2, and two (8%) patients in group 3; hence, the revision was insignifi cant (P = 0.58). Early revision was performed for massive leaking anastomosis or very narrow anastomosis aff ecting distal pulsation that might end by distal gangrene (Table 4) .
Patients passed postoperative period and followed up for duration of maturation (mean) (days) (known by dialysis injection without hematoma or leaking), with group 1: 42 ± 14 days, group 2: 69 ± 23 days, and group 3: 45 ± 13 days; the maturation was highly signifi cant toward group 1 (P = 0.0004). Th e mean fl ow rate (ml/ min) was measured by duplex ultrasound, with group 1: 330 ± 26, group 2: 299 ± 32, and group 3: 310 ± 21; the rate was highly signifi cant toward group 1 (P = 0.004) ( Table 5 ).
Early postoperative complications -that is, primary access failure (very narrow anastomosis or early thrombosis) and early thrombosis (fi rst 10 days) -were less in group 1; primary access failure was observed in one (4%) patient in group 1, three (20%) patients in group 2, and seven (28%) patients in group 3 (P = 0.05). Similar results were found in early thrombosis (P = 0.02). However, there was no signifi cance in other early postoperative complications -that is, bleeding or hematoma -in all groups (P = 0.58 and 0.76, respectively) ( Table 6 and Graph 3).
However, late postoperative complicationsthat is, late thrombosis more than 10 days and pseudoaneurysm -were less in group 1; late thrombosis was observed in two (8%) patients in group 1, six (24%) patients in group 2, and nine (36%) patients in group 3 (P = 0.05). Similar results were found in pseudoaneurysm (P = 0.05). However, there was no signifi cance in other late postoperative complications -that is, steal syndrome or wound infection -in all groups (P = 0.85 and 0.8, respectively) ( Table 7 and Graph 4).
Finally, the success rate of AVF was signifi cant (P = 0.03) in group 1, 23 (92%), with highest number of successful cases, followed by group 2, 18 (72%), and then group 3, 15 (60%); the patients with complications were treated well either by only mechanical thrombectomy (Fig. 4) (P = 0.03) or by aneurysm ligation (P = 0.15) or endovascular treatment (P = 0.7). However, in patients with inevitable failure, surgical revision was the treatment (P = 0.02) ( Table 8 and Graph 5). Data are presented as mean ± SD and numbers (percentages are given in parentheses).
Postoperative early complications in brachiobasilic arteriovenous fi stula and brachiocephalic arteriovenous fi stula.
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Discussion
Patients with ESRF must receive HD to survive until they undergo renal transplantation. AVF surgery to supply extracorporeal blood fl ow has been performed for many years during HD [18] . Th e optimal fl ow rate is at least 200 ml/min with an easy-to-use device, providing suffi cient supply in a durable and safe procedure [19, 20] . For this purpose, arteries and veins of the upper limbs are mostly used.
Th ere are several theoretical advantages of selecting the basilic vein over the cephalic vein when considering AVF creation [21] . Unlike other veins in the arm, the basilic vein is naturally deep, protected from damage caused by previous venepuncture, and has a larger diameter [22] . However, these anatomical advantages lead to a more demanding, complex surgical dissection Mechanical thrombe ctomy.
Figure 4
Postoperative late complications in brachiobasilic arteriovenous fi stula and brachiocephalic arteriovenous fi stula.
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and prolong surgery. To manage these technical factors, the procedure is often performed under general anesthesia [23] . In this study, general anesthesia was replaced by US-guided brachial plexus block, which provided very satisfactory sensory and motor block in patients with chronic renal failure undergoing creation of AVF of the distal upper extremity [24] .
Th is block provided very good analgesia that extended for a long time postoperatively. Patients were satisfi ed with this block, and no complications were reported. In addition, this helps a lot when a local cause such as swelling, infection, or obesity prevents the use of either of them. Hence, the other approach would work [25] . Moreover, brachial plexus block can induce dilatation of veins especially the basilic vein as the cephalic vein being exposed to repeated venepuncture; it is more fi brosed with less dispensability [26] in addition to this block gives the advantages of local anesthesia; safety, decrease len gth of hospitalization, and relatively low cost [27] .
Th e proper location of AVFs and shunts must allow for the identifi cation of landmarks to ensure successful needle access. Traditionally, AVFs located too deeply are superfi cialized with a formal surgical procedure. Th is procedure necessitates a larger incision and requires an extended healing time before the fi stula may be accessed [28] . Th e current study evaluated the clinical outcomes of three types of upper arm vascular access; group 1 underwent one-stage BBAVF with superfi cialization and group 2 underwent twostage BBAVF [29] . BBAVF upper arm fi stulas had a substantially lower primary failure rate (suitability failure) and less early thrombosis -group 1, one (4%), and group 2, three (20%) -compared with BCAVFs -group 3, seven (28%) (P = 0.05) [30] . Th ese results were mentioned by Silva et al. [31, 32] who had reported a markedly lower primary failure rate of BBAVF.
One-stage BBAVF was superior to two-stage BBAVF because of its lower rate of postoperative early and late complications and higher early fi stula maturation with better fl ow rate, despite its disadvantage of long operation time that needs general anesthesia, which was overcome by US-guided brachial plexus block in this study. Th is was due to larger diameter of the basilic vein observed in patients who underwent onestage BBAVF, which led to decrease in postoperative complications and helped fi stula maturation; this was mentioned by Kakkos et al. [1] .
Th ere were many factors aff ecting the fi stula maturation in addition to vein diameter; postoperative hematoma and venous hypertension may be more important than the diameter of the vein. Th ere was no signifi cance in this fi nding in the three groups (P = 0.76 and 0.85, respectively) [22, 33, 34] .
With respect to auxiliary interventions, the rate of intervention in group 1 was signifi cantly less: only mechanical thrombectomy in one (4%) patient (P = 0.03) and surgical revision in one (4%) patient (P = 0.02). Th ere was no statistically signifi cant diff erence in auxiliary interventions due to pseudoaneurysm (P = 0.15) and steal syndrome (P = 0.85) between the three groups.
In conclusion AVF formation using BBAVF is a compelling procedure for the surgeon to avoid possible complications, including loss of function, infection, distal ischemia, and venous edema. Despite one-stage BBAVF takes long operative time, it appears to be the most ideal vascular access, with high success rate, less duration of maturation, best mean fl ow rate, and less postoperative complications -that is, primary access failure, thrombosis, or pseudoaneurysm -especially using US-guided supraclavicular block. One-stage BBAVF performed under US-guided supraclavicular block is of special importance in obese patients, and surgical redo with its complication is also less.
